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XI. Skin Reactions to Environmental Agents 
Healthy, normal skin functions primarily as an organ of 
protection and thus helps maintain homeostasis. It protects 
man against: (1) the entrance of damaging amounts of nonion-
izing electromagnetic radiation; (2) damage from extremes of 
environmental temperature and humidity; (3) the entrance of 
potentially damaging chemicals; (4) loss of essential body fluids 
and electrolytes; (5) damage from physical forces; and (6) 
entrance of pathogenic microorganisms. 
S ince humans are exposed to heat, cold, water, chemicals, 
trauma, friction, and pressure, the integument must be durable. 
At the same time the skin must be pliable because humans are 
active and mobile and use many gross and delicate motions. In 
short, the skin must be tough enough to save us from a hostile 
world, yet soft enough to relay our earliest, most meaningful 
and most intimate human message, that of touch. 
The development of a complex industrial society has in-
creased the number of physical factors with which man must 
deal. Man has added greatly to the number of noxious, irritating 
and potentially dangerous agents in his environment. Chemi-
cals, particulate matter, gases, and industrial wastes fill the air. 
Increased demands for energy and services have resulted in the 
development of many manmade, potentially harmful physical 
factors such as ionizing radiation, microwaves, noise, and in-
creased thermal load. The manmade changes in the environ-
ment are occurring very rapidly. For example, by affecting the 
ozone layer, byproducts from fertilizer, spray cans, and super-
sonic t ransports may, in a few decades, change the spectral 
distribu tion of sunlight, which took many millions of years to 
evolve. 
Many of these chemical and physical agents can irritate the 
skin. These substances cause an inflammatory reaction-a 
primitive defensive reaction which dilutes, buffers, or otherwise 
gets rid of offending agents. This protective chemical and 
biologic function may be accompanied by bothersome symp-
toms of redness, itching, pain, and swelling. Sunburn, chemical 
burns, and industrial dermatoses are examples of the diverse 
reactions to physical agents. The inflammatory reaction may 
not be entirely successful, and tissue cells may be damaged or 
killed by environmental agents. 
The rust section of this report is on the basic subject of how 
noxious envij'onmental agents kill mammalian cells or alter 
their normal activities. These basic studies, of course, underlie 
our understanding of how many cutaneous disorders arise from 
environmental insult. This general discussion is followed by 
sections on dermatological problems caused by exposure to the 
3 most common offenders: UV radiation, chemicals, and too-
dry or too-moist environments. 
1. CELLULAR DAMAGE BY ENVIRONMENTAL 
AGENTS 
Status of Research 
Cells of the skin exposed to environmental agents exhibit 
responses ranging from temporary perturbation in function to 
transformation, malignant growth, and death. Better under-
standing of the response of skin to environmental agents can be 
obtained by study of cultured mammalian cells. The correlation 
of the response of cultured cells to skin cells in situ is a new 
area of research; recently developed keratinocyte culture sys-
tems will advance this correlation. At present, we cannot study 
other specialized cells such as the melanocyte in cultured sys-
tems. 
Cell toxicity: Cells are killed by environmental agents in 
dose-response patterns that can be classified as 3 different 
general types: threshold killing, exponential killing, and thresh-
old-exponential killing. Threshold killing is by agents that act 
as a poison to a vital cellular function such as macromolecular 
synthesis or membrane transport. Threshold killing agents have 
no toxicity below a given concentration, and over a narrow dose 
range become totally toxic to all cells. 
Exponential killing agents produce random lethal lesions 
within the target cell population. They induce cell killing over 
all dose ranges, the number of killed cells being related to dose 
by a Poisson distribution. For example, the killing of cultured 
cells by DNA crosslin king agents is usually exponential. 
Threshold-exponential killing has characteristics of both 
types of toxicity. At low doses cell killing is minimal; at a certain 
threshold, it progresses exponentially as described above. The 
killing induced by UVC (254 nm) in cultured human cells is an 
excellent example of this pattern of killing. A major question 
that persists in interpreting this pattern is whether or not very 
low doses of the agent actually produce very low levels of 
killing. Such has been proposed for ionizing radiation. 
It is interesting to note that the cells that have been lethally 
exposed to agents do not immediately cease functioning or even 
cease dividing. Proliferating cells treated with toxic agents 
continue to divide in a dose-dependent manner. For instance, 
nonsurviving cells treated with doses of agents that induce 
eventual mitotic inhibition, do in 10% of the cells evidence 5-6 
division (25_26 progeny) in those cells destined to cease division. 
The implications of this continued division for cells, such as 
basal cells of the epithelium, is not clear in that cells so damaged 
that they may ultimately suffer proliferative failure can still 
perform enough division to produce terminally differentiating 
keratinocytes. 
Mutagenicity: Data are rapidly accumulating on the patterns 
of mutagenesis in mammalian cells and on mechanisms of DNA 
repair that influence this process. Since mutation presently can 
only be measured at 2 or 3 loci, our understanding of the 
relationship between mutagenesis and cytotoxicity is limited. 
The similarity in patterns for these loci, however, supports the 
notion that the relationship between mutagenesis and cytotox-
icity is a strong one, and suggests that a cell can tolerate only 
a specific mutational load before being inactivated. A strong 
correlation between cytotoxicity and mutation appears to ex-
tend over all dose ranges, although the nature of the relation-
ship at low doses is disputed. The relationship between cyto-
toxicity and mutation is a potent tool for predicting mutagenic 
hazard from existent cytotoxicity data. 
Data are accumulating on the role of mutagenesis, on the 
type of DN A damage induced by environmental agents, and on 
the possible role of error prone repair. This effort to understand 
the basic mutagenic process from the initial DNA damage to 
the final cellular expression of the mutated phenotype seems to 
be progressing well. DNA sequences susceptible to mutation 
(hot spots) are being identified in prokeryotic-DNA systems. 
The probability that specific agents induce various types of 
mutational events (specific base transition, frame-shift) seems 
very great. The utilization of these data in conjunction with 
rapid prokaryotic tester strains should yield productive tools 
for determining research directions in mammalian cells. 
Transformation to malignant growth: A limited number of 
rodent cell systems are now being used to measure the rate of 
transformation induced by environmental agents. Examples of 
these cell systems are the lOTl/ 2 and the 3T3 systems. Al-
though the use of these cell systems is not without criticism, 
the data emanating from theu' use seem important. It has been 
observed that (1) the correlation between transformation and 
cytotoxicity is strong, (ii) a discrete inflection in the dose-
response curve for transformation by ionizing and nonionizing 
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radiation occurs at the inflection point for exponential cytotox-
icity, (iii) fractionatio n of dose either increases or decreases 
transformation rate depending on dose, and (iv) pre-malignant 
proliferation is required for the expression of the malignant 
state. 
DNA damage and repair: The documentation of DNA repair 
from normal and agent-sensitive human fibroblasts have estab-
lished certain important facts about this process in mammalian 
cells. (i) Multiple repair systems (perhaps as many as seven) 
can act independently of each other on damaged DNA. (ii) 
DNA repair systems can be classified by type of repair into 3 
major classes-in situ reversal, such as photoreactivation, ex-
cision-resynthesis repair involving 1 DNA helix and possibly 
restitutional activities involving the 2 DNA helices. (iii) Exci-
sion resynthesis repair can be further divided into 2 types. The 
first type has 2 steps. The first step is the production of a site 
without base by an N-glycosylase. This step is followed by the 
scission of the DNA phosphodiester backbone at that site by 
an AP endonuclease. The second type of excision repair occurs 
when an endonuclease incises the phosphodiester backbone 
near the site of damage. Both systems require subsequent 
excision, resynthesis, and ligation. (iv) The structure of the 
DNA damage determines what DNA repair systems respond. 
Environmental agents can thus be classified by the type of 
DNA repair induced, which may, in turn, be inferred from the 
human DNA deficient variant cell that is sensitive to its cyto-
toxic action. (v) An increased enzymatic activity induced by 
environmentally damaged DNA may exist in mammalian cells. 
This activity, .if its action is similar to prokaryotic systems, 
would alter the fidelity of some of the DNA polymerases. Thus, 
when a cell is induced, DNA synthesis (whether repair or 
normal) is mutation prone. Replication involving past-damaged 
nucleotides is especially mutation prone. 
Clinical applications: The role of DNA repair in cytotoxicity 
has been demonstrated by sensitivity of human skin fibroblasts 
from patients with apparent intrinsic deficits for DNA repair to 
specific DNA-damaging agents. These human variants include 
xeroderma pigmentosum, ataxia telangiectasia, Fanconi's ane-
mia, retinoblastoma, and probably Bloom's syndrome and 
Cockayne's syndrome. The exact nature of the DNA repair 
deficits are unknown for these cells. The specificity of their 
sensitivity to several different DNA-damaging agents, however, 
indicates that each may reflect a deficit in a different repair 
system that acts on various DNA-damage substrates. 
Needs for Additional Research 
A number of environmental agents can damage cells in the 
skin. What is needed for this whole area is an accurate and 
realistic determination of levels of exposure to damaging envi-
ronmental agents. Priorities in the study of these agents can 
then be based on their structure, potency, and biological hazard. 
~uch more study is needed on possible synergistic action of 
envlTonmental agents on cells. Continued research support 
mus~ be given to in vitro studies on how DNA is damaged and 
repa.lTed, and how and where mutagenesis occurs, and how 
carcmoma 1S produced. In addition to extensive in vitro re-
search, there is a need for increased research on skin DNA 
damage, repair, and mutagenesis in situ. 
We need increased research on how the immune system 
supports normal cell function and how it may be involved in 
the pathology of damaged skin cells. Technology to measure 
low levels of DNA damage and DNA repair is also needed. 
Better and more sensitive assay systems are needed for better 
characterization of DNA repair enzymes. We should search for 
biological systems in which cytotoxicity, mutagenicity, and 
carcinogenicity can be measured simultaneously. 
An area needing major technological improvement is in situ 
cytological biochemistry. Especially needed are techniques for 
labeling specific molecules. 
Indices should be developed for the cumulative damage in 
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skin cells during long exposures to environmental agents. For 
example, more rational therapeutic protocols would follow if we 
learn more about the time course of cellular and molecular 
damage in various skin cells during UV therapy. 
2. SKIN REACTION TO LIGHT AND UV 
Prevalence and Severity 
Ultraviolet radiation, visible light, and infrared radiation 
from sun or from artificial sources can penetrate the cells of 
man's body. Absorption by certain molecules within cells can 
lead to alteration of cell function. The most obvious and major 
changes are those that occur in the skin. One immediate effect 
of excessive sun exposure is body heating. Increased ambient 
temperature and direct absorption of the sun's energy contrib-
ute to body heating. The skin, responding to temperature 
regulating centers in the brain, counteracts this heating by 
allowing blood to conduct heat from the inner body to near the 
skin surface where it can radiate away from the body, and by 
sweating, that cools the skin by evaporation. Failure of these 
mechanisms may lead to heat exhaustioJ;l, dehydration, or heat 
stroke. Another immediate effect is skin erythema and sunburn. 
T he ultraviolet spectrum is arbitrarily divided into 3 parts: 
UVA (320-400 nm), UVB (290-320 nm), and UVC (200-290 
nm). Radiation in the UVC band causes erythema of normal 
skin very readily, and can cause inflammation of the cornea 
(photokeratitis). UVC is called "germicidal radiation" because 
of its effectiveness in killing one-celled organisms. UVC is also 
often called "shortwave UV" or "far UV." 
Although UVB reaches earth in relatively small quantities, 
it is all too effective in causing sunburn of human skin. For this 
reason, it is often referred to as the "sunburn spectrum" or 
erythemal band. UVB is also called middle UV, mid-UV, or 
middlewave UV. UVB has been shown to induce skin cancer in 
laboratory animals and mutations in bacteria. Epidemiological 
evidence suggests strongly that solar UVB causes skin cancer 
in man. Chronic UVB exposure is also thought to be partly 
responsible for producing aging changes of human skin. 
Many of the effects of UVB and UVC are now recognized; 
much less attention has been paid to UV A. The amount of 
energy required for UV A to cause tanning and redness is about 
1000 times more than that for UVB, but the amount of UV A in 
the sunlight reaching the earth's surface is much greater than 
that of UVE. UV A, the "blacklight" region, excites fluorescent 
and phosphorescent substances that reradiate the absorbed 
energy as visible light. UV A potentiates the biologic effects of 
UVB and is believed to playa role in sunburn. Many sunscreens 
do not significantly alter the amount of UV A reaching the skin, 
and UV A is transmitted through most windowglass and many 
plastics, while UVB is not. Photosensitivity reactions, both 
toxic and allergic, are mostly mediated by UV A. There is 
experimental and epidemiologic evidence to suggest that solar 
UV A is a possible etiologic agent for certain kinds of cataracts 
in humans. The industrial hazard of UVA exposure is increas-
ing, as UV A-induced photopolymerization and photochemical 
. reactions are used more and more in manufacturing processes. 
On the other hand, UV A, in connection with photosensitizing 
drugs, has opened up new therapeutic possibilities for the 
treatment of chronic skin disorders, such as psoriasis, mycosis 
fungoides, and eczema. 
Dermatologists and other medical investigators are becoming 
increasingly concerned about the possible effects of UV on 
blood as it passes through the skin. Studies on the effects of 
UV and ' light exposure on the formed and unformed blood 
elements indicate that it is possible to induce changes in viabil-
ity and activity of leukocytes. 
Sunburn: Sunburn is an inflammatory reaction experienced 
by most fair-skinned persons. The redness and tenderness result 
from damage to cells in the skin and subsequent dilation of 
blood vessels and irritation of nerve endings. Because the 
Nov. 1979 
reaction to sun damage may be delayed for as long as 12-24 hr 
after exposure, one may not be aware of excessive sun exposure 
until it is too late. 
The likelihood of being sunburned decreases as the amount 
of pigment in the skin increases; thus tanning is a delayed 
protective mechanism. Increased susceptibility to sunburn 
places occupational, geographical, and recreational restrictions 
and limitations on some fau'-skinned persons who tan poorly. 
UV aging effects: The delayed effects of sun exposure may 
not become apparent for years or decades; however, there is no 
question that cumulative changes resulting from repeated ex-
posures to ultraviolet radiation leads to wrinkling of skin and 
can lead to skin cancer. The majority of the changes that appear 
in human skin that are thought to typify aging may actually be 
produced by repeated and prolonged exposure to the sun's rays. 
These long-term effects on skin are called actinic changes 
(actinic pertaining to the chemical effects of light). 
The skin on exposed, hairless surfaces develops thinning, 
irregular pigmentation, dilated superficial blood vessels, yellow-
ish discoloration, laxity, and wrinkles. The degree of actinically-
induced skin changes is related to (a) the fairness of complexion, 
(b) the frequency and length of outdoor exposure, and (c) the 
intensity (related to latitude and cloud cover) of the UV portion 
of the solar radiation. The areas most commonly affected are 
the face, the back and sides of the neck, the upper "V" portion 
of the chest, the upper back and shoulders, and the outer 
surfaces of forearms and hands. 
Heavily-pigmented skin is protected by its greater melanin 
content and by its thicker horny layer, and changes more 
slowly. This capacity of melanin and of the thick stratum 
corneum to absorb and scatter actinic radiation is probably the 
reason why the skin of fair people appears to age more quickly 
than that of dark people. 
UV carcinogenesis: Skin cancer is the most common malig-
nancy in humans; one-third to one-half of all cancers arise in 
the skin. The 3 major skin malignancies are basal cell carci-
noma, squamous cell carcinoma, and malignant melanoma. 
Basal cell carcinoma is the most common form of skin cancer 
in white-skinned people and squamous cell carcinoma in dark-
skinned people. Squamous cell carcinoma is the second most 
common skin cancer in fair persons, and malignant melanoma, 
the least frequent. 
Comparison of the older and more recent studies strongly 
suggests that skin cancer has increased in the past several 
decades. For instance, in metropolitan areas of Minnesota an 
apparent 2-fold increase has occurred since 1963. This is, per-
haps, a reflection of the recent trend for many people to expose 
more of themselves more often to the sun's rays as manner of 
living, clothing, and leisure time change. 
Examination of the sun's role in the production of human 
skin cancers does not lend itself to direct experimentation. 
However, extensive observations have strongly suggested the 
etiologic significance of electromagnetic radiation in the induc-
tion of these tumors. Major arguments in support of the role of 
sunlight in human skin cancer development are: 
1. It is established that superficial skin cancers occur most 
frequently on the parts of the body habitually exposed to 
sunlight, the head, neck, arms, and hands; 
2. Pigmented races, who sunburn much less readily than 
people with white skin, have very much less skin cancer and, 
when it does occur, it affects areas not exposed to sunlight; 
3. Among white-skinned people there appears to be much 
greater incidence of skin cancer in those who spend more tinle 
outdoors than indoors. 
4. Skin cancer is more common in white-skinned people 
living in areas where ultraviolet sun exposure is greater; 
5. Persons with genetic diseases in which the skin is unduly 
sensitive to the effect of solar UV radiation show marked 
increases in skin cancer and premature skin cancer development 
(albinism, xeroderma pigmentosum); 
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6. Skin cancer can be produced readily on the skin of mice 
and rats with repeated doses of UV radiation. The upper 
wavelength limit of the most effective cancer-producing radia-
tion is about 320 nm, the same wavelength that produces 
sunburn in human skin. 
The influence of geographic latitude on the incidence of and 
mortality from melanoma is the original and strongest evidence 
that exposure of white people to sunlight is a cause of malignant 
melanoma, although change in incidence of malignant mela-
noma with change in latitude is not as dramatic as that for the 
more common basal cell and squamous cell carcinomas. Both 
the incidence and the mortality rates from malignant melanoma 
ru'e rising rapidly. Mortality rates, rising by 3-9% per year, have 
doubled in the last 15 years. In Canada the rate of increase is 
greater than that of any other tumor except male lung cancer. 
The changes have been shown to be independent of improved 
diagnosis or certification. There is some indication that inci-
dence rates have risen more rapidly than mortality rates, show-
ing that improved diagnosis and treatment have reduced case 
fatality-but not to a great extent. Where exposure of particular 
sites differs in the sexes because of conventional dress and hair 
styles (ears and neck in males; lower limbs in females), the 
exposed site has a higher incidence and mortality rate than the 
unexposed site in the opposite sex. Although no substantial 
study of the influence of occupation has apparently yet been 
made, patients with malignant melanoma are subject to more 
hours of exposure in their work and are less pigmented, there-
fore more sensitive, than controls. 
Light sensitivity diseases: Some persons have disturbances 
in pigment formation and therefore have inadequate melanin 
to protect against ultraviolet radiation. Included in this group 
are those with vitiligo (acquired idiopathic absence of pigment) 
and those with rare disorders, such as albinism, oculocutaneous 
albinism, phenylketonuria, and the Chediak-Higashi syndrome. 
These individuals sunburn easily and, with repeated solar injury 
over several years, may develop skin cancers. 
Patients with a rare genodermatosis xeroderma pigmentosum 
(XP) cannot properly repair UV damaged DNA and are sus-
ceptible to marked solar damage and cutaneous malignancies 
within the fU'st 2 decades of life. XP is not related to pigmentary 
deficiencies; the process occurs in both deeply pigmented and 
light-skinned people. In fact, total pigment production in actin-
ically-damaged skin of patients with XP may be greater than 
normal. The defect is in the "dark repair" enzyme system for 
ultraviolet damaged DNA. It may be that this enzyme defi-
ciency allows a high somatic mutation rate that eventuates in 
cancer formation. 
The porphyrias are another uncommon group of diseases in 
which excessive quantities of porphyrins may be made in the 
bone mruTow or the liver. Porphyrins are photosensitizers, and 
some of the porphyrias have associated photocutaneous syn-
dromes. These reactions range from the marked phototoxic 
destruction of sun-exposed tissues noted in congenital erythro-
poietic porphyria to the blister formation and sclerodermoid 
changes in porphyria cutanea tarda. The phototoxicity is 
thought to be due to the presence of excess porphyrins in the 
skin, the primary action spectrum being in the visible region, 
between 400 and 410 nm. Porphyrias produce a great deal of 
distress, morbidity, and, occasionally, death. 
Photosensitivity reactions in idiopathic urticaria, certain au-
toimmune diseases, and genodermatoses are quite rare. Not so 
rare is polymorphic light eruption (PMLE), an idiopathic, ac-
quired syndrome chru'acterized by recurrent rash on light-ex-
posed areas of skin. In view of its "polymorphism" PMLE may 
comprise a heterogeneous cluster of entities. The eruption 
typically presents itself in spring as crops of nonconfluent itchy 
lesions following sun exposure. The rash appears after a latent 
interval of 2 to 48 hr, and in the absence of further exposure, 
subsides over the next 7 to 10 days. Lesions may be situated on 
any light-exposed areas of skin with a predilection for the 
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dorsum of the hands and forearms, the anterolateral surface of 
the upper arms, the cheeks, and the bridge of the nose. Occa-
sionally, the lesions are restricted to a single site, and equally-
exposed adjacent areas of skin may be unaffected. 
Although the prevalence of PMLE in the United States has 
not been determined, it is one of the most common of all 
photodermatoses. In addition, it involves at least 10% of the 
North and Central American Indian population in whom it 
often tends to be familial. Though PMLE varies in severity 
from patient to patient, it may essentially prevent any outdoor 
activity, either recreational or occupational in nature. In most 
cases the disease follows a chronic course. It is uncommon for 
the photosensitivity to disappear spontaneously after a few 
years; the long-term prognosis must be guarded. Although the 
mechanism of the PMLE have not been established, the clinical 
patterns, reaction time, histology, and the flare of previously 
involved areas upon exposure of other sites suggest that it 
might be a delayed hypersensitivity process. 
The role of sunlight in the pathogenesis of lupus erythema-
tosus has been investigated extensively over the past 5 decades. 
Photo testing studies indicate that approximately 30-40% of 
patients with lupus erythematosus are photosensitive and that 
the action spectrum falls in the sunburn range (290-320 nm) . 
Patients with systemic or disseminated discoid lupus and those 
with circulating antinuclear antibodies are most likely to be 
light sensitive. The mechanism of this sunlight effect is not 
understood. 
Adverse reactions to light and chemicals: Abnormal reac-
tions to the sun's rays in otherwise healthy persons have become 
increasingly prevalent within the past few decades owing to the 
public dedication to "suntanning" and the large number of 
photosensitizers thrust into our environment and onto the 
consumer market. During the past decade, tens of thousands of 
individuals have experienced adverse light reactions following 
exposure to certain chemicals. These chemicals are all relatively 
low molecular weight compounds with resonating bonds that 
absorb ultraviolet light. Some examples of chemical photosen-
sitizers are given in Table 1. They are distributed widely in 
manufactured products; thus, nearly everyone can be exposed. 
Many have been incorporated into cosmetics, soaps, and sham-
poos; others have been used as drugs. The term "drug photo-
sensitivity" is often used categorically, although most com-
pounds are not drugs. The term "chemical photosensitivity" is 
preferred. There are 2 mechanisms through which chemical 
photosensitivity reactions are mediated, called phototoxic and 
photoallergic. They differ primarily in that the body's immune 
system is involved in the latter. For most photosensitizers, the 
actual mechanism has not been established. 
Fortunately, many of the chemical photosensitivity reactions 
are only transient in nature and are similar to poison ivy, 
clearing within a week to 2 weeks. However, there is a small 
group of persons who remain totally . disabled for periods of 
years to decades. It is difficult to estimate their loss of time and 
income, the value of which must run into millions of dollars. 
These unfortunate persons encounter extreme discomfort, are 
confined to relative darkness, and live a life deprived of both · 
occupation and social activities, even "in their homes. 
It is still not understood why only a small number of individ-
uals react to certain chemical photosensitizers. The photoal-
lergic hypothesis may explain certain of these reactions. No 
study has been made on a possible genetic predilection for 
photosensitivity to various externally encountered agents. It 
appears likely that with the development of ever more synthetic 
chemicals and the increased proclivity for sun exposure, pho-
tosensitivity will become an even more challenging predicament 
for dermatology. 
Prevention, Treatment, and Cure 
Sunburn: Because the only cause is a known environmental 
factor, sunburn should be completely preventable. Avoidance 
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TABLE I. Compounds present in household products which can 
cause photosensitivity reactions 
Pholosensilizer 
Halogenated Salicylanilides (0)" 
3,4',5 tribromosalicylanilide 
4',5 dibromosalicylanilide 
3,5 dibromosalicylanilide 
Carbanilides (R)" 
3,4,4' trichlorocarbanilide 
4,4' dichlorocarbanilide 
3 (triOuoro-methyl) 
Hexachlorophene (R)" 
Bithionol (0)" 
Dichlorophene (R)" 
Para-aminobenzoic acid (R)" 
Diagalloyl Trioleate 
Phenothiazines (0)" 
Sandalwood Oil (R)" 
Ragweed Oil (0)" 
Calcium Cyclamate (R)" 
Saccharin (R)" 
Triacetyldephenolisatin (R)" 
Furocoumarins (C)" 
8-methoxypsoralen 
5-methoxypsoralen 
Coal Tar (0)" 
Pitch 
Acridine (0)" 
Diosin 
Methylene blue 
Dislribulion 
Soaps 
Cosmetics 
Hair dressings 
Detergents 
Medicated lot ions 
Sunscreens 
Insecticides 
Perfumes 
Colognes 
Plants 
Artificially sweetened foods 
and beverages 
Artificially sweetened foods 
and beverages 
Laxatives 
"Pink Rot" celery 
Carrots 
Parsnips, parsley, fennel 
Persian limes, lime oil, figs 
Perfumes, Toilet water 
Hair preparations 
Building materials 
Lipstick 
Dyes 
" Relative Incidence: (0) = occasional, (R) = rare, (C) = common. 
of excessive solar or artificial ultraviolet radiation and use of 
adequate sunscreens are all that is necessary for normal persons. 
Today, very good sunscreens are available commercially. In 
fact, it is possible to increase the exposure time necessary to 
reach a sunburn dose by a factor of 10 or more. Unfortunately, 
the success of a commercial sunscreen is usually a result of 
factors which are not necessarily correlated with the effective-
ness of the preparation. As a result, many of the most popular 
sunscreens are not very effective. 
Once excessive ultraviolet exposure has occurred there is no 
practical means of avoiding all of the effects of the sunburn 
reaction. Severe sunburn can be treated by topical or oral 
corticosteroids, topical anesthetics, soaks, systemic analgesics, 
and topical anti-inflammatory agents. These treatments dimin-
ish some of the signs and symptoms; however, the risks or 
potential side effects limit their use to severe generalized sun-
burn. 
UV· aging and carcinogenesis: Most skin cancer and the 
aging effects from chronic actinic damage are also preventable 
by limiting the lifelong cumulative dose of ultraviolet radiation. 
Reasonable limitation of sun exposure and intelligent use of 
effective sunscreens would markedly reduce the incidence of 
both of these long-term effects. It is difficult, however, to 
educate and motivate people to exercise concern about any 
environmentally induced adverse health effects that are delayed 
by decades, particularly when exposure is culturally sanctioned. 
Once skin cancer has occurred there are a variety of successful 
treatments: x-ray, surgery, electrosurgery, cryotherapy, che-
mosurgery, and topical antimitotic agents. There are also a 
number of chemical and surgical procedures designed to reverse 
the signs of actinic aging. These are expensive and of limited 
success and benefit to most persons. Chronic sun damage of the 
skin is generally not reversible. 
Light sensitivity diseases: Abnormal responses to the sun 
are often preventable or treatable, but these diseases are seldom 
cured. In some instances internal medications diminish symp-
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toms or lower the threshold of sun exposure required to cause 
symptoms. Patients with deficiency of pigment protection or 
abnormal repair ofUV-induced damage must be protected from 
Sun exposure. Patients with porphyria cutanea tarda are im-
proved by phlebotomy and persons with erythropoietic photo-
porphyria can sometimes tolerate more sun after treatment 
with oral beta-carotene. PMLE can be improved by sunscreens, 
antimalarials, oral psoralen photochemotherapy and steroids; 
these treatments raise the threshold of UV radiation necessary 
to cause symptoms. 
Adverse reactions: Chemical-induced photosensitiyity dis-
orders are best treated by identifying and avoiding the chemical 
agent involved. The best prevention is early recognition. We do 
not have standardized, efficient, readily reproducible tests on 
laboratory animals or in vitro that will pinpoint potential 
photosensitivity hazards to which the general population could 
be exposed. Industry, in its effort to introduce new materials 
into our environment to improve our way of life, produces 
chemicals that may have a deleterious effect on the quality of 
our existence. For example, thousands of people were disabled 
from ingesting hexachlorobenzene, but it was only later that we 
determined that this chemical causes marked photosensitivity 
in animals and man. 
Future prospects: Increased knowledge of the exact molecu-
lar and cellular mechanisms involved in the interaction of 
electromagnetic radiation and biologic matter may make pre-
vention and treatments possible. In the future, better, more 
acceptable sun-protective agents, including safe and effective 
oral agents, could be produced if science, government, industry 
and consumers decide such agents are important. Anti-inflam-
matory agents that prevent or diminish sunburn after exposure 
could also be developed. Most important, enlightenment about 
the damaging effects of sun on skin could lead to social behavior 
changes and intelligent use of sun protective agents, thereby 
reducing the incidence of sunburn and minimizing skin cancer 
and aging effects. 
Status of Research 
Sunburn: Sunburn is an inflammatory reaction to ultraviolet 
photons that are absorbed within the skin and damage the skin 
cells. The degree of sunburn is ultraviolet-dose related. Varia-
tions in pigment and the thickness of the horny layer result in 
considerable differences in sunburn susceptibility among 
persons. Sunburn is a delayed reaction, reaching its peak at 12-
24 hr after exposure. Underlying the gross changes of sunburn 
are suntan and peeling. These are complex events of which we 
have a very incomplete understanding. 
Photons are absorbed by specific UV sensitive molecules 
called chromophores. The identity of chromophores is specu-
lative. We do know that molecules, such as nucleic acids or 
enzymes, can be so altered by UV that the functional and 
structural changes may lead to death of the cell. Sublethal 
damage is partially or completely repaired, but changes in the 
kinetics of surviving cells may follow. Epidermis and stratum 
corneum later thicken. Within melanocytes the distribution of 
melanin is changed and synthesis of new pigment is initiated. 
Some of the damaged cells release chemicals that mediate an 
inflammatory reaction. As a final result of these cascading 
events, the blood vessels of the skin dilate to accommodate 
more blood and make the skin appear red and feel warm. This 
erythema is the most striking feature of acute UV radiation 
injuTy and is the most studied. 
Two main theories have been proposed to account for the 
dermal vascular changes that follow UV exposure. In the first, 
the indirect diffusion theory, radiant energy is first absorbed 
within the epidermis. Then, small molecular weight substances 
released by damaged keratinocytes diffuse into the dermis and 
dilate blood vessels. In support of this theory is the observation 
that most of the energy of the most erythemogenic wavebands 
is absorbed by the epidermis. Also, the latent interval between 
UV injury and the appearance of delayed erythema is consistent 
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with the time required for chemical mediators to diffuse from 
keratinocyte to endothelium. The second theory proposes a 
"direct hit" of radiation in dermal blood vessels. 
Although histamine and kinins may play some role in the 
early phases of inflammation, they do not seem to be the 
mediator for sunburn. Much attention is currently focused on 
the prostaglandins (PG) and related derivatives of arachidonic 
acid. These chemicals are low molecular weight, oxygenated, 
fatty acid derivatives that are active in minute (nanogram) 
concentrations and are rapidly metabolized locally. Signs of 
inflammation are evoked by intradermal injection of PG, and 
increased levels of PG have been observed in human tissues in 
several widely different types of inflammation, including that 
induced by UVR. UVR increases the biosynthesis of PG from 
arachidonic acid by a skin microsomal fraction preparation in 
vitro. 
The biosynthesis of PG may be inhibited by certain nonste-
roidal anti-inflammatory compounds, including indomethacin 
and aspirin. Indomethacin administered topically, intrader-
mally, or by mouth delays or diminishes the onset of UV 
erythema and causes blanching of the skin for many hours. The 
effectiveness of PG synthetase inhibitors in diminishing UV 
erythema is taken as further evidence that PG are mediators of 
such inflammation. However, indomethacin and aspirin have 
many other pharmacological actions and these data are there-
fore to be interpreted with caution. 
The action spectrum of sunburn has been established and it 
is obvious that wavelengths shorter than 315 nm are much 
more efficient at causing delayed redness of human skin. It 
requires enormously greater doses of longwave ultraviolet 
(UV A) to cause redness. However, because of the much greater 
solar spectral irradiance of UV A, approximately 10% of the 
noontime sunburn effect may be due to UV A. At times other 
than sun zenith, UV A may play an even greater role in sunburn. 
Also, although there is disagreement about the magnitude ·and 
mechanism, it is clear that prior or simultaneous radiation with 
UV A modifies the response to UVB and makes it more ery-
themogenic. 
Very few research laboratories are pursuing studies on the 
basic mechanism of sunburn. The mediators, pharmacology, 
and mechanisms of sunburn are the interest of less than 10 
senior investigators, and the major emphasis of industrial re-
search appears to be on products that will "promote tanning." 
UVaging: "Photoaging" is the name given to clinical, micro-
scopic, biochemical, and functional changes noted in the chron-
ically sun-exposed skin. of older individuals. Whether photoag-
ing represents a simple summation of sun damage and time 
changes or whether sun damage actually triggers an accelera-
tion of the intrinsic aging process is unknown. However, at least 
at the clinical level, these UV-induced aging changes have been 
considered by both the lay public and most physicians to be 
identical with temporal aging. Scientific investigation into the 
causes of these changes has been quite limited, although at-
tempts to describe and measure the specific changes have been 
made. In the absence of a better understanding of what consti-
tutes aging itself, it is impossible to explain photoaging mech-
anisms. 
Studies now in progress are comparing the effects of chronic 
in vivo sun exposure on human epidermal cells and dermal 
fibroblasts with the effects attributable to chronologic aging 
alone. Biopsies of sun exposed and non exposed skin of adult 
volunteers are taken and the cells from these biopsies are used 
to establish keratinocyte and fibroblast cultures. These cultures 
are studied through their lifespan. Selected cultures also receive 
repeated in vivo irradiation with either UVB or UV A to deter-
mine if such irradiation can accelerate the "aging" changes 
observed in normal diploid cell strains in a tissue culture system. 
In rat skin it has been found that, like aging, high-dose ultra-
violet irradiation produces a marked decrease in the amount of 
soluble collagen, implying an increased number of intramolec-
ular crosslinks. 
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Several studies have indicated that the histological changes 
in chronically sun-exposed skin are in some ways an exaggera-
tion of the same changes that occur in aging nonsun-exposed 
skin and in other ways are different. Sun-damaged skin has 
more ground substance, more elastin staining material and less 
collagen. The epidermis of sun-damaged skin is atrophic with 
many abnormal cells in no apparent pattern; the dermal 
changes may begin as early as the ftrst decade of life. Mechan-
icat properties of skin change with age; comparisons of aging 
skin and sun-damaged skin have not been made. 
The action spectrum for actinic damage is not known. It is 
thought by many to be UVB because most of the other dele-
terious effects of sun are caused by this waveband. Elastosis 
has been produced in animals with UVB irradiation. However 
UVA or visible light must also be considered because the 
cha nges observed deep in the dermis, where UV A and visible 
light penetrate much more than UVB, exceed those adjacent to 
the epidermis. 
Three laboratories in this country are currently conducting 
investigations that, strictly speaking, can be viewed as photoag-
ing research. These laboratories, by virtue of their university 
affiJiation, do have access to tissue culture facilities, sophisti-
cated biochemical and histochemical analyses, and a variety of 
other equipment. The limits placed on the current research 
efforts are more financial than technologic. 
UV carcinogensis: The skin, especially of rodents, has been 
used as one of the primary sites for the study of carcinogenic 
stimuli. There is a vast catalogue of agents that have proven to 
be tumorigenic. Of these agents, ultraviolet radiation is by far 
the most pervasive and most extensively studied. The following 
statements briefly summarize the status of research. Primarily, 
artificial UVR sources have been used and mouse skin has been 
the target. 
1. Except under abnormal circumstances, a single dose of 
UV during the lifetime of the experimental animals does not 
cause development of skin tumors. 
2. A useful measure for tumor induction is the "develop-
ment time", i. e., the time between the exposure to the first UV 
radiation and the appearance of a tumor of a certain volume. 
Within identically treated populations of mice the development 
time is distributed in a consistently regular fashion. 
3. Varying the UV dose or the interval between doses does 
not a lter the shape of the dose-response curves, but displaces 
the curves along the dose axis. 
4. The relationship of UV -produced tumor incidence to the 
number of equal UV doses is logarithmic. 
5. Reciprocity holds for relatively narrow limits. However, 
when the dose is kept constant and the UV irradiance is 
decreased by a factor of 100 (and exposure time increased by 
100) there is a marked increase in the carcinogenic effect. 
6. Continued exposure of UV -produced skin tumors causes 
acceleration and change in the biologic aggressiveness of such 
tumors. . 
7. The available evidence suggests strongly that UV injury 
to DNA is the trigger in experimental skin carcinogenesis and 
that error-prone DNA repair (postreplication repair) may be 
the causal mechanism. . 
8. Although the action spectrum for carcinogenesis is not 
accurately known, it is known that wavelengths of UV longer 
than 320 nm have very little effect and that 300 nm UV is 
highly effective for skin tumor production. This is strikingly 
similar to the action spectrum for skin erythema and to the 
DNA absorption spectrum. 
9. The interrelationship of light, chemicals, and skin carci-
nogenesis, rust noted 50 years ago, are of increasing interest 
and significance. It is of particular importance that photocar-
cinogenesis has been increased by the use of phenanthrene 
hydrocarbons, coal tar, and 8-methoxypsoralen, among other 
chemicals. As new photoactive agents are constantly introduced 
into the environment, other such agents that potentiate UV 
effects will be found. 
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10. Examination of the sun's role in the production of human 
skin cancers does not lend itself to direct experimentation. 
However, extensive epidemiologic observations have very 
strongly suggested the etiologic significance of solar UVR in the 
induction of such cancers. Recent studies suggest that the 
incidence of both melanoma and non melanoma skin cancer is 
rising rapidly among susceptible populations world wide. 
11. The possibility that man-made effluents cause a reduc-
tion in stratospheric ozone concentration exists. Preliminary 
calculations suggest that a 5% reduction in stratospheric Ozone 
would result, at equilibrium, in a 10% increase in carcinogenic 
UVB. Again, by calculations based on very inadequate inci-
dence data, a 10% increase in UVB might cause a 20% increase 
in skin cancer at equilibrium (perhaps 60-100 years later). 
Inadequacies in knowledge of dose-response relationships of 
UV to human skin cancer make such calculations at this time 
most inaccurate. 
12. Several lines of evidence indicate that the immune status 
of the host and UV carcinogenesis are potentially interactive 
processes. 
13. Experimental UV photocarcinogenesis studies are made 
difficult by the long duration of each experiment (12-18 
months), the need for sizable investment in space, for special 
tight sources of carefully measured, stable spectral composition 
that are capable of irradiating large areas, for special caging, for 
experienced animal handlers, and for tumor counters. Because 
of this complexity, these experiments need to be carried out by 
an interdisciplinary team of optical physicists, engineers, pho-
tochemists, photobiologists, and animal geneticists. At this 
time, only 2 or 3 laboratories have adequate staff for extensive 
experiments of this sort. The only agency presently capable of 
adequate epidemiologic field studies on man is the Biometry 
Branch of the National Cancer Institute. 
14. Existing technology of large area solar simulators and 
high-intensity spectral instruments is still rudimentary. Nor are 
methods for accurate spectral and integrated measurements of 
polychromatic light sources (including the sun) really satisfac-
tory. 
Adverse reactions: The mechanisms of toxic light reactions 
have been studied at the molecular level and in cell systems 
and have been separated into those that require oxygen (pho-
todynamic mechanisms) and those that are oxygen independent 
(nonphotodynamic). Photodynamic damage occurs in cell and 
organelle membranes and in nuclear DNA. For most common 
photosensitizers, the exact molecular lesion, the site of damage 
within the cell, and repair by endogenous enzymes have not 
been determined. Nonphotodynamic toxic light reactions in-
volving nuclear DNA have been demonstrated. The most prom-
inent sensitizers in this group are the psoralens, which are used 
in photochemotherapy of psoriasis. The detailed molecular 
changes and subsequent ceJlular repair processes accompanying 
this type of damage are now under study. 
Basic research in the area of allergic light reactions has 
established an analogy to the mechanism of contact allergy. 
Both are mediated by an anti.gen composed of the hapten 
(photosensitizer) and a carrier protein. Classical delayed type 
hypersensitivity responses of sensitized macrophages to photo-
sensitizer-protein conjugates have been demonstrated. How-
ever, very little is known at the molecular level. 
Detection of substances responsible for adverse light reac-
tions remains the main thrust of clinical research. Occupational 
exposure to photosensitizers (e.g., roofers to coal tar compo-
nents) and testing procedures for new phototoxic and photoal-
lergic compounds are being investigated. 
Today, fewer than 100 scientists make contributions on either 
clinical or fundamental levels in this area. Present testing 
facilities of reasonable quality exist only at major medical 
centers, reducing the probability that new photosensitizing 
agents will be detected. The technology developed in other 
areas of biochemical research is being applied to fundamental 
research in chemical photosensitization. The main applications 
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for sophisticated technology are to locate photosensitizers in 
cells and skin, to determine their photochemical products at 
very low concentration, and to detect the subtle structural 
changes in cell components that are due to photochemical 
reactions of sensitizers. 
Needs for Additional Research 
Sunburn and other immediate effects: Support of basic stud-
ies in photochemistry, cell biology, and skin optics will ulti-
mately lead to the identification of the chromophore and the 
molecular events that initiate sunburn. Human skin, animal 
skin, and cells in tissue cultures should be exposed to UV and 
assayed for sunburn mediators. Through the use of experimen-
tal tools such as host depletion, end organ blockade, and phar-
macological mediator antagonism, it should be possible to learn 
where in the skin and how certain mediators act. In view of the 
fact that visible and UV A radiation reach the deep tissues and 
blood, the possible effects of such exposure on enzyme induc-
tion, degradation, and isomerization should be studied. 
By taking advantage of recent advances in optical and data 
processing techniques, it should be possible to measure hemo-
globin content within various skin layers. Such measurements 
would reflect the blood content of the various layers and thus 
the degree of vasodilitation. Because the amount of delayed 
erythema is related to the total UV dose, exact measurement 
and localization of erythema might prove a useful tool in 
defining phototoxic phenomenon in the skin. In addition, we 
should try to find out what effect the interaction of various 
bands of the electromagnetic spectrum has on sunburn produc-
tion. 
UV Aging Effects: The foremost issue in UV -induced aging 
research is whether photomediated changes in the skin are 
indeed an acceleration of the aging process or whether these 
changes are similar but unrelated to the aging process. Much is 
now being learned about aging through the use of culture 
techniques. Such culture systems might well be transferred to 
the study of the changes UV brings about in the skin. Studies 
should examine the effects of UV radiation on young and old 
skin samples in both their early and late cultures. 
UV carcinogenesis: We are hampered by the lack of appro-
priate radiation sources. Research should be supported to pro-
duce light sources that have an intensity of at least one-half of 
a solar constant, that deliver radiation uniformly over areas of 
several square meters, that have precisely known spectral com-
positions, and that are stable in flux and spectrum for months 
at a time. In order to simulate a number of natural and artificial 
light conditions, the spectral composition of these sources 
should lend itself to shaping by filtration. 
High intensity radiation sources of narrow band width that 
deliver beams of ultraviolet radiation free of stray wavelengths 
are needed to determine exactly the wavelengths responsible 
for skin carcinogenesis. Such sources must deliver milliwatt 
power levels over an area the size of 1 mouse back (20 cm2). 
Instruments for laboratory and field measurements of both 
spectrum and intensity of polychromatic radiation should be 
iInproved. Needed are instruments such as integrating dosime-
ters that have adjustable spectral sensitivity. Present instru-
ments are expensive, not portable, and cannot be used in the 
sun. 
To develop the science of UV climatology, we need field 
instruments that will operate continuously and almost indepen-
dently, yet be inexpensive enough to be used at many monitor-
ing locations. Data from such instruments would be used to 
establish baseline levels of UV radiation, to determine the range 
of natural variation, and to monitor long-term changes resulting 
from ozone depletion and other environmental factors. 
T he ratio of the ultraviolet radiation dose actually received 
by persons at risk to the total possible dose they could have 
received needs to be measured. To obtain these ratios, inexpen-
sive personal UV monitors as well as the monitoring stations 
mentioned above need to be developed. Several chemical mon-
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itoring systems have been described that are simple and inex-
pensive; perhaps these could be developed into personal UV 
monitors. 
Man is not exposed to UV-A or UV-B alone, but to a 
polyclu-omatic light source of changing spectral composition. 
Possible synergistic effects of different solar wavelengths have 
not been studied and should be. Detailed studies are needed to 
determine the effect of carcinogenesis of the total amount of 
UV delivered, its intensity, and the length of the interval 
between UV applications. 
Epidemiological data on photocarcinogenesis vary widely in 
their scope and in the methodology used to collect them. To 
determine dose-response to ultraviolet radiation, much more 
reliable data from wider spans of geographical latitudes in many 
areas of the world are required. A program should be organized 
to obtain accurate epidemiological data of the incidence of skin 
cancer in man. Simple screening methods should be devised to 
identify those most susceptible to UV damage and subsequent 
carcinogenesis. Skin testing with solar simulators, ultraviolet 
photography, and other noninvasive measurements should be 
evaluated for their potential usefulness in such screening pro-
grams. 
Adverse reactions to light and chemicals: Animal model 
systems for the study of adverse reactions to light and chemicals 
must be improved and standardized. 
The study of how metabolic products suspected of making 
the skin light-sensitive (i.e. porphyrias) should be expanded. At 
the same time, we must pursue studies on how UV A and visible 
light might damage blood borne enzymes and cells as they pass 
through the skin circulation. 
We need to find where photosensitizers are located in the cell 
and what intracellular molecular changes they induce. Antigens 
involved in photoallergic reactions should be isolated and char-
acterized. We also need to learn more about how cells repair 
themselves following photodynamic and non photodynamic 
damage. 
Studies on phototoxicity and photoallergic responses will be 
most productive if interdisciplinary and if the collaborators 
have diverse but relevant expertise and work closely together. 
The primary interaction of light with envu'onmental contami-
nating chemicals in the skin is best studied by those with a 
background in physics; subsequent changes in the chemical 
nature of activated molecules by those concerned with photo-
chemistry; cellular changes resulting from interaction of acti-
vated molecules with the cell by biologists. 
3. SKIN REACTIONS TO CHEMICALS 
Prevalence and Severity 
Because the skin is the only organ in direct contact with the 
envu'onment it is susceptible to chemical insults, physical 
stresses, and infectious agents. These environmental assaults 
can result in disabling acute and chronic skin diseases. Such 
diseases represent a large share of total skin problems. 
Despite this, statistics on environmentally induced cutaneous 
disease are inadequate except in the area of occupational prob-
lems. From data in workmen's compensation records, it appears 
that cutaneous illness comprises 35-85% of all occupational 
disease. The wide range eventuates from differing industries, 
from geographical location, from recording inaccuracies, and 
from the level of industrial development . In California, for 
example, poison oak dermatitis accounted for 23% of all occu-
pational skin disease in 1973. 
Envu'onmentally induced skin disease prevents those affected 
from enjoying, working in, or even passing through certain 
environments. Photodermatitis prevents sufferers from working 
in or enjoying sunlight. Occupational contact dermatitis has 
forced many to lose seniority positions and begin new careers. 
Contact dermatitis from airborne agents has compelled many 
to move to different regions of the country, merely to escape 
environmental assaults. 
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There are no accurate figures for the costs of environmental 
skin disease. The firmest estimates are for occupational der-
matitis, in which the annual expenditure in the United States 
was estimated at $100 million in 1957, in today's dollars, $250 
million. 
Prevention, Treatment, and Cure 
The reports of high incidence of occupational skin disease 
indicate that either adverse effects are assessed inadequately or 
control measures are ignored or used improperly. Pre exposure 
testing of a process or the components of a product is a key to 
preventative dermatology. The barrier creams used in industry 
have not been effective in preventing the development or 
expression of either allergic contact or irritant dermatitis. Irri-
tant dermatitis, a general dermatological problem, is triggered 
by repeated exposure to substances, such as soap, water, deter-
gents, and solvents. Allergic contact dermatitis, a major prob-
lem in industries, can at this time be controlled only by mini-
mizing exposure. Screening methods to identify those persons 
susceptible to allergic contact dermatitis have not been suc-
cessful. 
So far avoidance of exposure and use of topical medicines, 
our only therapeutic measures, are not sufficient to prevent or 
cure the disease or overcome the disadvantages to the patient. 
Work is underway to develop desensitization methods to 
rhus, (poison ivy and oak) but to no other common contact 
allergens. An accommodation phenomenon, which is a sponta-
neous desensitization to environmental contact allergens, ac-
tually occurs. Unfortunately, it is not understood and cannot, 
as yet, be induced. Skin patch testing of afflicted workers for 
specific industrial allergens, a common practice, is potentially 
dangerous. It may exacerbate the existing disease or actually 
sensitize the tested person to the allergen being tested! These 
hazards could be obviated by the development of in vitro 
methods of testing. 
It is reasonable to assume that with adequate study, (1) 
methods for pretesting industrial chemicals will be developed 
so that the hazard can be predicted before persons are exposed; 
(2) barrier creams will be developed with a high degree of 
acceptance and efficacy; (3) the pathobiology of marginal irri-
tants will be understood well enough that studies to assess or 
prevent dermatitis and depigmentation may be undertaken 
with a substantial degree of success; (4) the accommodation 
phenomenon (desensitization) will be developed to a point that 
sensitized workers may return to their normal places of em-
ployment; (5) safe, quick, and easily performed alternatives to 
the skin patch test will be developed; and (6) safe, effective and 
acceptable methods to prevent or treat disease from industrial 
acnegens will be developed. 
Status of Research 
In the study of mechanisms underlying some of the phenom-
ena in environmental skin disease information has been col-
lected on percutaneous absorptiod of a number of drugs and . 
simple chemicals, but not on most environmental penetrants. 
The chemistry of the allergen in rhus dermatitis, the mecha-
nisms of chemical depigmentation, the formation of granulomas 
by exposure to environmental elements, acnegenosis by expo-
sure to polychlorinated biphenyls, and detection of allergic 
contact dermatitis by in vitro methods have all been studied 
with limited success. Applied studies so far have been confined 
to the development of an effective method to desensitize the 
rhus antigens. Animal models have been developed to assist in 
the investigation of the many environmental and occupational 
diseases. No animal model is, however, as sensitive as man to 
irritants and allergens. 
Owing to the wide variety of environmental allergens, it is 
impossible to estimate the number of people involved in their 
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investigation. They are scattered through academic dermatol-
ogy units of medical schools, environmental or occupational 
units of schools of public health, and laboratories of industry or 
governmental agencies. 
Needs for Additional Research 
Research on the barrier function of skin and how molecules 
penetrate it has been very meager. Systematic development of 
new models for the study of percutaneous absorption should be 
encouraged. Some aspects that need consideration are how 
penetration is affected by hydration, by the action of specific 
organic solvents, and by the molecular structure and physical 
properties of the penetrant. With this information, new methods 
could be developed to deter the penetration of chemicals into 
the skin. Studies should be undertaken to learn more about the 
cellular and biochemical characteristics of nonallergic inflam-
matory reactions and to determine how the molecular charac-
teristics of the irritant, the lysosomal and kinen activity, etc., 
produce different pathological patterns. Efforts should be fo-
cused on ubiquitous marginal irritants. There is a need to 
correlate molecular structure and irritant capacity and to ex-
amine the action of marginal irritants on cell organelles. The 
irritant potential increases as the carbon chain of aliphatic acids 
and alcohols lengthens the peak effect occurring at C-12. C-12 
compounds, such as dodecane and dodecylbenzene, are also 
potent accelerators of carcinogenesis. It appears that a study of 
the biological significance of the C-12 chain length is timely. 
Studies should be developed to determine what cellular and 
biochemical factors participate in reversing the inflammatory 
response upon continued exposure. The protein, carbohydrate, 
and lipid components, enzyme activity, Iysosomal .components, 
and kinens of normal, irritated, and postinflamed skin should 
be examined. 
We need to carefully appraise current methods and, more 
important, develop new methods for predicting the cutaneous 
hazards of environmental agents. For example, there is a need 
to develop better methods to detect ubiquitous marginal irri-
tants, acnegenic substances, chemicals that produce granu-
lomas, and substances or processes that alter skin pigment. 
Animal and human skin, as well as cells in culture, are readily 
accessible models for use in developmental studies. 
Needs for Additionl Clinical Research 
Although a variety of barrier creams are available in industry 
to protect workers from exposure to wet work, dry work, sol-
vents, etc., their efficacy is not known. A serious attempt should 
be made to evaluate existing products and to develop new 
barrier creams specifically designed to protect from particular 
allergens. 
Special attention should be given to allergens commonly 
found in industry-chromium, epoxy resins, rubber compo-
nents, formalin, rhus, nickel, and cobalt and how contact hy-
persensitivity to them is developed. In addition, clinical studies 
of irritants, equal to the past intense study of allergens, should 
be undertaken. 
Alternative methods to patch testing should be developed to 
screen large populations of workers, primarily for common 
industrial contact allergens. There is an array of tests available 
for predicting allergenicity. A serious attempt should be under-
taken to fmd out how sensitive and reliable clinicians find these 
tests. Methods such as lymphocyte transformation and leuko-
cyte migration should be explored to determine their potential 
for application to this occupational problem. 
The phenomenon of irritant accommodation requires close 
study of subjects who demonstrate it. Epidemiological studies 
could help to put its occurrence in perspective. Further studies 
could determine the usefulness of inducing this natural phe-
nomenon for a number of different irritants. The development 
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of methods to predict and to accelerate the accommodation 
process would be most useful. 
4. SKIN REACTIONS WITH WATER 
Prevalence and Severity 
Dry skin: The complaint of dry skin is very common, yet 
often difficult to define. Most persons who complain of dry skin 
are referring to some combination of roughness, inflexibility, 
occasional fissures, and intermittent mild erythema on an other-
wise normal skin. These findings are nearly universal on the 
exposed areas of skin among those living in cold, dry climates 
and often in hot, dry climates as well. Dry skin is present in 
varying degrees of severity; it is particularly common among 
the elderly and may be distributed over most of the body. In 
the elderly, itching is a common symptom. There are no statis-
tics indicating the percentage of mild, moderate, and severe dry 
skin. It is likely that it is usually minimally symptomatic. 
Except for the rare severe case, dry skin is only minimally 
incapacitating, seldom painful, and not life-threatening. It 
rarely causes any loss of work time. It probably can best be 
categorized as a nuisance, but a nuisance for a high percentage 
of the population. Its "cost" can be counted mostly in dollars 
spent for products to counteract symptoms of dyness-emol-
lients. Emollients include moisturizers, hand lotions, body lo-
tions, bath oils, cold cream, petroleum jelly, etc., for which the 
U.S. public probably spends in excess of $300 million annually. 
Water damaged skin: Water as a gas and liquid assaults 
man's skin with chemical and physical action and frequently 
damages the stratum corneum barrier. The plight of people 
who must immerse their hands in water and various cleaning 
compounds in everyday life has not received much attention by 
scientists. A computer search of the scientific literature since 
1964 revealed few nonmilitary-related studies on exposure of 
skin to water and no one knows the extent of the problem in 
civilian life; however, that water is an occupational hazard is 
recognized by dishwashers, bartenders, car washers, machinists, 
and housewives. 
The military has been acutely aware ofthe devastating effects 
of prolonged water exposure. Wet, soggy clothing can rub the 
crotch area raw on a 2-day march, causing severe distress and 
interfering with walking. A soldier in the Arctic must empty his 
waterproof thermal boots of accumulated sweat every 8 hours. 
If he does not, by 72 hours the skin of his feet is so damaged 
that walking is impossible. 
Historically, water injuries to the skin ofthe feet (warm water 
iInmersion foot and paddy foot or tropical immersion foot) have 
afflicted combat troops in military campaigns throughout the 
world. In the Philippines during WWII and in Vietnam, 50% of 
troops were rendered incapable of walking within 72 hours of 
iInmersion in water at 20 degrees C and 80% within 120 hours. 
Devastating episodes of trench foot caused by exposure to cold 
(IOC) water occurred in Italy at the Anzio beachhead and in 
the Fall and Spring floods of 1944 and 1945. 
Water, being ubiquitous, is often ignored in studies of der-
matoses. Often several factors operate simultaneously to cause 
disease: warmth, water, urine, sweat, humidity, occlusion, bac-
teria, and fungi. Water accumulates rapidly under wet clothing, 
stimulating the growth of cutaneous streptococci and derma-
tophytic fungi. Sweating induced by hot water frequently ag-
gravates hand dermatitis. Diseases such as diaper rash, prickly 
heat rash, housewife's hand, eczema, athlete's foot, impetigo, 
intertrigo, and even the penetration of substances through the 
skin are affected by the stratum corneum and its water content. 
In civilian life the costs are difficult to estimate. No work-
men's compensation claims were found for occupational hand 
dermatitis due only to water exposure. Military costs are better 
documented. The U.S. Army estimated that transportation 
costs alone to replace personnel rendered unfit for combat duty 
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by water-induced skin disease amounted to $26 million in 6 
months for one division fighting in the Mekong River Delta. 
Prevention, Treatment, and Cure 
Dry skin: Some environmental conditions exaggerate, if not 
initiate, the symptoms of dry skin. However, there are probably 
multiple unknown factors involved in the etiology and patho-
genesis of this condition. Not until such factors are known can 
the condition be prevented or more effectively treated and 
cm·ed. 
Currently, prevention and treatment efforts are directed to-
ward altering the ambient conditions and "microenvironment" 
of the skin. Certainly, dry skin is less frequent and less severe 
in warm humid climates. It is difficult to maintain a high 
relative humidity in a confined environment when general 
conditions are cold and dry. Even if it could be maintained, it 
is unreasonable to expect someone with dry skin to live within 
the confined area. Most treatment is directed toward alteration 
of the skin microenvironment by application of various types of 
emollients. Limiting contact with various common irritants 
(soaps, solvents, etc.) may be advisable. 
It seems unlikely that any single abnormality in structure, 
physiology or biochemistry causes simple dry skin. 
Water damaged skin: Prevention consists mainly of drying 
the skin frequently, air-conditioning or dehumidification to 
lower humidity, ventilating occlusive garments, limiting the 
time of exposure, applying protective chemical preparations to 
the skin, and wearing protective gloves, clothing or footwear . 
Some chemical preparations are used as protective agents. In a 
limited Army field trial in Vietnam, a fatty acid derivative gave 
significant protection against immersion in warm water. Sili-
cone protective compounds have been marketed for ma~y years; 
none is consistently effective. 
Once a skin disease is induced or aggravated by water the 
dermatitis is treated appropriately. For the fust 7 days ' of 
miliaria, nothing will restore sweating in the affected areas; 
immersion foot and paddy foot require bed rest and exposure of 
affected parts to the air; intertrigo of the groin, air drying; and 
tinea and impetigo, appropriate medicaments. A diaper rash 
responds most rapidly to air exposure and protective ointments. 
It may require topical antimicrobial therapy. 
The skin of 12% of people is very susceptible to damage from 
water and that of 15% very resistant. The sensitive persons 
relapse more quickly on reexposure. 
Status of Basic Resew'cft 
The stratum corneum is a tough shell protecting the skin 
from abrasion, limiting the diffusional exchange of water be-
tween the body and the environment, and acting as a barrier to 
noxious chemical substances, fungi, and bacteria. With the 
sorption and penetration of excessive water into the horny 
layer, its barrier functions are diminished. If the condition is 
not rectified, skin disease may result. On the other hand, a 
certain amount of water is necessary in corneum to give it 
normal extensibility, elasticity, and break strength. 
The membranous stratum corneum that covers most of the 
body surface is flexible and impermeable and is most important 
in maintaining water homeostasis of the body. The horny pads 
on the palms and soles are at least 40 times thicker than the 
membranous corneum, are more easily dissociated by mechan-
ical trauma, contain only about 1/ 2 the amount of water-soluble 
substances, are brittle when dry, and are many times more 
permeable by water and chemicals. Much of what we know 
about the physical and chemical properties of the stratum 
corneum have been derived from these thickened pads and, 
thel'efore, may not apply to the membranous stratum corneum. 
Most studies have been in vitro. 
Isolated corneum can take up to 6 times its weight when 
immersed in water. Twenty percent of its substance will be 
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dissolved if soaked in water for 6 hours; 40% if soaked for 24 
hours or more. Hydrating with water vapor instead of liquid 
water prevents these losses. Stratum corneum may absorb or 
give off water depending on its state of hydration and on the 
relative humidity of the environment. Diffusion of water 
through the corneum is a passive process. In man, diffusion and 
water losses are remarkably low, inversely related to the thick-
ness of the horny layer and humidity and directly related to 
temperature and air flow across the skin surface. 
At one time, the junction of the viable epidermis and the 
corneum was thought to be the site of major diffusional resist-
ance of the skin . Later research has not sustained this view. 
The whole tightly stacked horny mass appears to account for 
the total resistance, each cell layer contributing to the whole. 
Studies in which compounds have been traced through the skin 
indicate that the outer layers greatly impeded penetration and 
do not differ significantly from the inner layers; morphological 
studies have supported this conclusion. Other work has ruled 
out the possibility that diffusion is limited by a lipid fIlm on the 
corneum. Neither can the corneum-air interface be the barrier 
since water passes more slowly through the corneum than from 
the corneum to air. Appendageal diffusion (through hair folli-
cles and sweat pores) is a major diffusion pathway but only for 
a short time after liquid contacts the skin surface. Then a 
steady-state of diffusion developed across the whole stratum 
corneum, and corneum diffusion predominates over appenda-
geal diffusion. 
Recent work in which rigorous mathematical models have 
been proposecl in accordance with Fick's law of diffusion indi-
cates that the concept of a passive diffusion barrier can explain 
all of the experimental observations of diffusion of water vapor 
through the stratum corneum. 
In vitro experiments on human skin showed that the enthalpy 
of hydTation declines abruptly when the hydration is carried 
out in environments with greater than 60% relative humidity. 
This can be interpreted as a change in the nature of the bonds 
broken by water in the hydration process. It is interesting to 
note that 60% relative humidity usually produces a 10% hydra-
tion of isolated stratum corneum, the minimal amount of water 
corneum needs to retain its suppleness. 
It has been proposed that the hydration of stratum corneum 
occurs in 3 distinct phases. First, when dry stratum corneum is 
placed in environments of relative humidities under 60%, the 
water binds directly to keratin fibrils. Second, when it is placed 
in relative humidities of 60-94%, water binds or interacts with 
this fibrillar-bound water. Nuclear magnetic resonance data 
indicate that interchange of water molecules in these 2 phases 
is rapid. Third, when it is placed in relative humidities above 
94%, water content increases rapidly as "free" water-water not 
bound to the membrane. This is a novel application of the 
Langmuir isotherm-the ability of a surface to absorb a species 
is lessened by however much of that or any other species is 
already absorbed onto the surface. At 94-96% relative humidity 
corneum will continue to take up water until the membrane 
begins to break down mechanically. 
The following facts strongly support the concept that th~ 
properties of the stratum corneum ' barrier can be explained 
purely in physical and chemical terms and that maintenance of 
barrier function is independent of the energy-requiring activities 
of living cells. 
1. Barrier resistance is the same in vitro as in vivo and is 
maintained long after the skin has been removed from the body. 
2. Ordinary physical and chemical laws are not violated as 
substances move across the barrier. 
3. The orientation of the epidermal membrane does not 
affect the outcome of diffusion experiments. 
4. Transepidermal water diffusion is dependent only on hu-
midity, stra tum corneum thickness, and the integrity of the 
membrane. 
A major deficiency in past investigative work stems from the 
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disparity between the physical situation of intact skin and the 
physical situation of in vitro experiments. Only one surface of 
the stratum corneum in intact skin is in equilibrium with the 
environment; its other surface is in equilibrium with the wet 
underlying tissue. In vitro studies have uniformly hydrated and 
dehyru'ated stratum corneum samples in fixed humidity envi-
ronments. However, in vivo, the water content of only the outer 
2 or 3 cell layers is determined principally by the relative 
humidity of the environment. Thus, there is a water gradient in 
the intact stratum corneum of living man that is not duplicated 
in the in vitro test situation. 
Only in the last 3 to 5 years has there been an attempt to 
study the water profIle of the stratum corneum in vivo. In this 
regard, the technique of photoacoustic spectroscopy looks 
promising. Visco-elastic properties of intact stratum corneum 
can now be measured and followed through changes that occur 
as the humidity of the environment changes. Since these 2 
techniques can be used on intact skin they will lend themselves 
well to clinical research. 
Status of Clinical Research 
Dry skin: Although the $300,000,000 annual expenditure for 
emollients reflects great public concern, the dry skin problem 
has not been of sufficient medical importance to have attracted 
many academicians or clinical studies. Industrial scientists, on 
the other hand, have devoted considerable time to it. With a 
few exceptions, their efforts have been directed principally 
toward the formulation of more marketable emollients, mini-
mally toward the cause and/or prevention of dry skin. Because 
there is limited publication from industrial laboratories, it is 
difficult to know the extent of current research, the technology 
used, or the personnel involved. 
Water damaged skin: Laboratory and field experiments, 
primarily by the military, have collected information on the 
epidemiology and have pinpointed some of the factors involved 
in the production of miliaria, trench foot, warm water immer-
sion foot, streptococcal and staphylococcal pyoderma, and tinea 
corporis. Transepidermal water loss has been measured in 
normal skin, burns, wounds, and artificial skin dressings. Sev-
eral different groups are concentrating on measuring the pene-
tration of substances through the skin. One or two investigators 
are measuring the effects of gas exchange on the cutaneous 
microbial flora . One military group (consisting of a dermatolo-
gist, a physical chemist, and a pharmaceutical chemist) is 
studying the effects of prolonged water immersion on man's 
skin. Another group of 2 persons is studying the problem of 
diaper rash. Two groups are searching for an artificial skin 
dressing for burns. None of this activity is integrated; each 
approach is piecemeal, thereby decimating its thrust. No one is 
conducting basic studies on miliaria, the effects of occlusion, or 
dishpan hands. 
Although miliaria, pyoderma, paddy foot, occlusion, radiola-
beled drug penetration, and tinea corporis can be induced in 
the laboratory, experiments on human beings are often difficult 
to conduct under present-day regulations. Animal models exist 
only for occlusion, pyoderma, tinea, and dTug penetration, and 
these are imperfect as models. Adequate measurement methods 
are available or could be developed with present technology. 
Needs for AdditionaL Research 
Dry shin. The' dry skin problem should be approached 
through the study of the etiology and pathogenesis of the 
disease. There may be multiple causes. It is not known whether 
mild or subclinical inflammation precedes dry skin or whether 
there is any alteration in cell kinetics. These factors should be 
studied. 
Roughness of the cutaneous surface implies abnormal shed-
ding. Clumps of cells (scales) remain partially adherent to the 
outer skin surface. We need to know whether this abnormality 
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is related to changes in the cement substance that holds cells 
together; very little is known about the chemistry and physical 
characteristics oC this intercellular material and how these 
characteristics change with hydration. 
Relative humidity and temperature take part in the produc-
tion of dry skin. Methods are needed to actuate a thorough 
study of the influence of these factors on water profile and 
physical characteristics of the stratum corneum in vivo. When 
it becomes possible to measure in vivo the water profile and 
mechanical properties of the stratum corneum, we shall fmd 
out just how much of the sizable body of in vitro information 
is applicable to in vivo situations. The physician in his manage-
ment of patients with dry skin could then with newly developed 
techniques follow objectively the course of the disease as it 
responds to the application of the emollient. This should lead 
to the development of moisturizers that are formulated on a 
more scientific basis. 
Water damaged skin: Lack of adequate theory is the greatest 
barrier to understanding and predicting the diffusion of water 
through man's skin. The Meyer-Overton theory concerning 
lipid solubility is too crude to make precise estimates; more 
appropriate algorithms are needed. 
The function of skin surface lipids and epidermal lipids in 
preventing water damage is conjectural, and almost nothing is 
known of their rate of replacement. Skin lipids need to be 
analyzed to determine the production and fate of each saturated 
and unsatw-ated free fatty acid compound. Substances that are 
leached from the horny layer by liquid and gaseous water need 
to be identified and their function determined. 
In vivo studies are needed to measw-e the suppleness of the 
skin surface, skin suface friction, thickness of the stratum 
corneum, and changes in the structw'e of the stratum corneum 
upon exposure to water. 
About 15% of males appear to be immune to skin water 
damage. Basic chemical, physical and structural characteristics 
of their skin and of the skin of susceptible persons have not 
been compared. How the fetal skjn of man survives in the 
water-filled womb is a mystery yet to be unravelled. 
Cutaneous water damage seldom exists alone; it is obviously 
coupled with exposures to cleansers, chemicals, microbes, and 
friction. To fw-ther complicate the problem, the ecology of the 
cutaneous microflora also appears to be affected by exposure to 
water. The effect of such simultaneous and complicated assaults 
is almost entirely unstudied and needs further emphasis. 
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